Background: Data on diabetes mellitus in general population in Benin is scarce. This study aimed therefore to assess prevalence and risk factors of diabetes mellitus in Benin. Methods: The study consisted of a cross-sectional survey, using the World Health Organisation (WHO)'s instrument for stepwise surveillance (STEPS) of non-communicable diseases risk factors. A five-stage random sample of 25 to 64 years old male and female adults living in Benin participated in structured interviews and their size, weight and blood pressure were measured according to standardized procedures. Glycaemia was measured using ACCUTREND ® test strips for capillary blood glucose. Prevalence and means were computed with their 95% confidence interval and standard error respectively, taking into account the sampling design. Prevalence was compared by Khi 2 and means by Student's t test. Univariate and multivariate logistic regressions were performed to identify socio-demographic diabetes's risk factors. Results: A total of 3772 adults participated in the study. The average age of respondents was 44.2 years. Overall, 68.3% of subjects were illiterate, 82.4% lived in rural areas, 82.57% were self-employed, 20% overweight, 7.51% obese and the prevalence * Corresponding author.
Introduction
Diabetes mellitus (DM) is a metabolic disturbance characterized by chronic hyperglycemia [1] . The global burden of DM has increased by more than a twelve times between 1985 and 2005 [2] [3] . Beside non-communicable diseases (NCD) such as cardiovascular, cancers and chronic respiratory disease, DM is becoming a major global public health problem worldwide.
In 2010, the global prevalence of DM in adults aged 20 to 79 years was estimated at 6.4 p.100 affecting 285 million adults. This prevalence could increase up to 7.7 p.100 by 2030 equaling 439 to 552 million adults with diabetes by 2030. Between 2010 and 2030 the number of adult diagnosed with DM in developing countries will experience an increase of 69% compared with only 20% in developed countries [2] [3] .
Common symptoms of DM include frequent urination, excessive thirst, extreme hunger, feeling very tired much of the time and more infections than usual. Main risk factors of DM frequently reported in literature refer to: being overweight, particularly with abdominal fat distribution, inactivity, age above 40 and people of certain races including Blacks. [4] Diabetic important complications are micro and macros vascular abnormalities, as results of hyperglycemia-induced metabolic abnormalities. Macrovascular manifestations include atherosclerosis and medial calcification as well as myocardial infarction. The microvascular consequences are retinopathy, nephropathy and peripheral neuropathy that led to blindness, end-stage renal failure and foot ulcers [5] .
In sub-Saharan Africa, an estimated 12.1 million people lived with DM in 2010 and an estimated increase of 23.9 million is expected in 2030. Diabetes mellitus is the most common form of diabetes that accounts for 90% of all diabetes cases. Nutritional transition, urbanization, physical inactivity and obesity are the common risk factors that made diabetes mellitus progression very remarkable [6] - [8] .
The economic burden of DM and handicaps resulting from its complications can easily plunge families into poverty. The prevalence of diabetes as well as other non-communicable diseases (NCD) is increasing rapidly while the burden of infectious diseases remains high. Hence, this "double burden" of infectious diseases and NCD considerably undermines the efforts aimed at reducing poverty and reaching the Millenium Development Goals in various countries [9] .
Despite the increase in the prevalence of DM, its complications and negative impact on the health system, few national representative studies are available in sub-Saharan Africa.
Knowledge on features and associated risk factors are needed for the early diagnostic, management and prevention of DM. This important public health problem challenges health system in developing countries [10] [11] . In addition, the disease is generally associated with higher morbidity and mortality as a result of poor control [6] [12]. In Benin, DM studies were conducted in several regions and clinical settings by Djrolo et al. [13] - [15] . However, no study was performed at the national level [13] - [16] . Our study aimed therefore to determine the prevalence and identify the factors associated with DM at the national level in Benin.
Subjects and Methods

Study Area
Situated in West Africa along the Gulf of Guinea in the northern tropical portion of the Atlantic Ocean, Benin is located between latitudes 6 degrees and 12 degrees north. The country covers an area of 114,763 km 2 . Its population has been estimated at 8,364,942 people in 2008 according to the 2002 census [17] , 49% of the popu-lation was under 15 years. Life expectancy at birth was 59.2 years. The country encompasses 12 departments, 77 townships and towns and 546 districts that are subdivided into neighborhoods or villages. The main economic activities are agriculture, crafts and informal trade. The gross domestic production (GDP) per person was estimated at 31 400FCFA or €47.94. Communicable diseases such as malaria, acute respiratory infection and diarrhea are the leading causes of morbidity and mortality. However, some non-communicable diseases such as hypertension are emerging as important health problems [18] . The health system is organized on the primary healthcare basis with a central, intermediate and peripheral level that integrates all the health programs.
Study Design and Sampling
The study was a cross sectional, descriptive and analytical one. The study population included adults aged 25 to 64 years who have lived in Benin for at least 6 months before the investigation date. Eligible subjects unwilling to participate, people unable to answer questions as well as pregnant women were excluded from the study.
Five stages random sampling technique was used to select subjects. Sixty districts were randomly selected according to their population based on the WHO proposed method [19] . In each selected district, a list of neighborhoods/villages was defined and half of them were selected. Then, the surveyor went in the center of the village and chose randomly on direction. In the chosen direction, one home out of two was selected. In the selected home, the households were counted and one household was selected. Within the household the investigated subject was identified according to the method of Kish [20] . It was proceeded this way until the predetermined sample size per village was obtained. Kish's method offers an advantage of equivocal selection of individuals and takes into account gender and age.
The size was determined based on precision fixed of 1.5%, type I error of 5%, and hypertension of 27.8% [21] . Then 6660 individuals which means 111 (6660/60) per district were planned. The number of investigated individuals in each selected village was proportional to the size of the population. The biochemical measurements were only done in 53.3% of the selected sample owing to limited resources. Finally, blood glucose tests were done for 3683 participants.
Data Collection
Data collection was conducted from 1 st July to 24 August 2008. Socio-demographic data such as age, gender, profession, socio-cultural area, level of education, residence, past history of hypertension and treatment were collected using questionnaire. The urban/rural place of residence was defined according to the list of Benin Economic Analysis and Statistic Institute. The urban zones were defined as follows: the population size of at least 10,000 people, the presence of at least 4 infrastructures including post office, electrical energy distribution network, safe water distribution network, a high school/secondary school, bank and representative office of the Mayor [17] .
The weight was measured using electronic weighing with 100 g precision; the height was measured using a caliber fathom with 0.1cm precision. Blood pressure was measured by a nurse or medical student in seated subjects after a 15 minutes rest using OMRON ® electronic sphygmomanometer. Three measurements were taken at 5 minutes intervals; the mean value of the last two measurements was used to define the blood pressure.
The biochemical measurements were taken early in the morning at second visit. The glycaemia was measured using ACCUTREND ® test strips for capillary blood glucose. A drop of capillary blood was taken at the tip of the finger of the subject and deposited on the reactive zone of a strip initially inserted in the glucometer. The results of the blood glucose level could be read on the screen after 12 seconds in mg/dl. High blood pressure was defined by the systolic pressure of more than or equal to 140 mmHg and/or a diastolic blood pressure of more than or equal to 90 mmHg. Subjects with hypertension were those who showed high blood pressure or subjects with known hypertensive history in dependently of investigation day blood pressure level. Body mass index (BMI) was calculated by dividing the weight in kilograms by the height in square meters. Subjects were classi-fied into 4 categories according to the standards of the WHO [22] . Therefore, they were considered as; slim if BMI was less than 18 ) or subject with diabetes treatment history in last 12 months.
Statistical Analysis
A double entry of the data was made in the software EPI DATA. The weighted analysis of the data was performed by the software STATA 12 software (STATA Corp LP, College Station, Texas). The confidence interval 95% around the estimation of the prevalence was calculated according to the method described by Bennett et al. [23] and the estimated average with their standard deviation. Chi-squared test was used to compare the prevalence according to socioeconomic factors. Factors associated with the diabetic status in the univariate analysis at the signification level of 0.20 were introduced in a multivariate logistic model to identify risk factors of diabetes. The difference was statistically significant with p-value < 0.05. We also took into account the potential confounding factors. Finally, the analysis was performed by taking into account the survey design.
Ethical Considerations
An authorization was obtained from the health officials of Benin as well as ethical approbation of the National Committee of Health Ethics prior to conducting the study. The participants were briefed on the objectives and modalities of the study and they gave their verbal consent. The confidentiality of data was assured and data was analyzed anonymously.
Results
The final sample included 3772 subjects which represented 98.7% of expected number of participants. Women represented 54.5% of the participants. The average age of the subjects involved was 44.2 years [CI95% = (43.2: 45.1)]. The subjects less than 34 years and those from 55 to 64 years were most represented (26.8% and 31.3% respectively). More than half of the population (68.3%) was illiterate and as fewer as 0.9% had a university level education. Self-employment (82.57%), being housewife (8.48%) and public service worker (3.06%) were the most frequent occupations. The majority of subjects (82.4%) lived in rural areas. As regards the BMI status, 20% of subjects were overweight and 7.5% obese.
Prevalence of Diabetes and Associated Risk Factors
The prevalence of diabetes was 1.4 p.100 [CI95% = (0:2.1)]. This prevalence was higher in men than in women (2.1 p.100 vs 0.8 p.100, p = 0.0031). The participants aged 45 -54 and those 55 -64 years had the higher prevalence (1.7 p.100 and 2.6 p.100 respectively). Almost half (49.3%) of subjects diagnosed with diabetes did not know about their diabetes status at the time of diagnosis. 22.6% of DM patients were using insulin therapy, 43.2% reported taking oral medication, 41.5% were on a special prescribed diet regimen, and 32.3% were complying with slimming treatments.
Among subjects with DM, 22.9% were using traditional therapies including herbal mixtures for diabetes; 22.8% reported getting advice from traditional healers for diabetes control.
The risk of diabetes was higher in the age group 56 -64 years [OR 6.6 CI95% (1.6:22.4)]. The level of education was significantly associated with the likelihood of being diagnosed with diabetes (p = 0.0088). People with a secondary level education were significantly more at risk [OR 4.4 CI95% (1.7:11.0) Table 1 ]. The Littoral region had the highest prevalence of diabetes (3.5 p.100), followed by Collines (2.7 p.100), Donga (2.4 p.100) and Borgou (2.3 p.100) regions. Mono region exhibited the lowest prevalence (0.4 p.100).
The subjects in the urban areas were more at risk of diabetes [OR 3.04 CI95% (1.6:6.0)] and the prevalence in the urban areas was 3.1% against 1.0% in the rural areas. The prevalence of diabetes was higher among overweight or obese subjects, 3.1% and 3.9% respectively. Overweight subjects [OR 4.7 CI95% = (2.4:9.2)] and obese subjects [OR 6.1 CI95% (2.7:13.7)] were significantly more at risk of diabetes than the subjects with normal weight. Subjects with hypertension were significantly more at risk of diabetes [OR 3.4 CI95% = (1.8:6.6)].
In the multivariate analysis ( Table 2) , men were significantly more at risk of being diabetic than women [OR 
Discussion
Our study was conducted according to the STEPS method recommended by the WHO for screening and monitoring non-communicable diseases' risk factors. This approach allows comparison of the results between the STEPS survey on different settings. The absence of exhaustive database of homes and households by village explains the choice of the survey design. A representative sample was obtained, thereby allowing results inference to the Beninese population.
The prevalence of DM in our study was 1.4 p.100 [CI 95% = (0.94:2.05)]. This would yield an estimate of 78,730 to 171,481 DM cases nationwide. Such figures could be considered as a heavy burden for a developing health care system which experiences many constraints in managing existing health problems. In the general population, there was no link between DM and regions. However, it should be noted that the prevalence was very high in the Littoral region. This high prevalence is explained by the fact that Cotonou, the economic capital and most urbanized setting of Benin is located in this region. The prevalence reported in the literature (3 p.100) is in convergence with our results.
The prevalence of DM was higher in urban areas compared to rural areas. Our report agrees with the observations by Baldé et al. [24] , Larbi et al. [25] and Zaoui et al. [26] . In urban areas, people have a sedentary lifestyle and they adopt unhealthy diet that trigger the onset of amongst others chronic nutrition-related disease including diabetes. Men were at a higher risk than women and that conforms to results found by Zaoui et al. [26] . Our result seems sparadoxical, even if Djrolo et al. [14] and Ozturk et al. [27] have also observed prevalence higher in men [13] [26] [27] . Indeed, in Africa, women are generally overweight because people believe that being overweight is an external sign of beauty and wealth. This can also be explained by the fact that before menopause, the sexual hormones have a protective effect in women against chronic diseases. During menopause, these hormones are produced in much more reduced quantity and this reverses the risk between women and men [28] [29] . Housewives were at a lesser risk for DM than public service workers. This could be explained by the fact that public service workers are more stressed than housewives [30] or more sedentary.
Almost half of subjects diagnosed with DM were not aware of their status. This points out poor monitoring of DM that can lead to microvascular complications causing blindness, nephropathy, neurological problems and even cardiovascular complications and result in limb amputations and cardiovascular diseases [12] . Most of these complications are irreversible and costly to manage. Yet, most of developing countries such as Benin do not have adequate health facilities [31] . Diabetes is a chronic disease and diabetic subjects need access to continued medical support. This support involves intervention of medical treatment [32] , equipment such as strips to measure blood glucose and, above all, health professionals, well trained in the diagnosis and management of diabetes and its complications [33] .
However, two thirds of people with diabetes who live in low and mid level income countries have poor control of their diabetes due to insufficient access to care. Indeed, the availability of oral anti diabetic medicine and insulin is discontinued in many parts of the world [34] . This situation affects particularly vulnerable groups like women, children and isolated communities.
While in developed countries, diabetic care is mainly prescribed in the medical care centers, another approach prevails in Benin and African countries. Several people with diabetes often supplement treatment proposed in clinics and hospitals [35] by a traditional practitioner advice. That often distorts the prescriptions made by the health personnel and in turn makes the diabetic patients unable to observe the prescriptions of the health personnel. To overcome these problems, the traditional practitioners could receive medical training which can enable them to assist the DM patients in their follow up.
Since most of specialized centers for management of DM are not readily available in Benin and Sub-Saharan Africa, communication for behavioral change should be emphasized [36] [37] . Indeed, several DM risk factors are amenable to change. These include modifying diet, increasing physical exercise and losing weight and checking regularly one's DM status [37] [38] . The communication programs should help people to evaluate their risk for DM and to access to suitable promotional, preventive interventions and treatment [38] [39].
Conclusions
Our study shows that DM is common in Benin general population. This prevalence of diabetes is more likely to increase steadily in conjunction with the nutritional transitions and the accelerating urbanization of Benin. Except for gender and age, the risk factors associated with diabetes that we have found lend themselves to communication campaigns.
As a result, the primary prevention through lifestyle changes can play a major role in the control of DM. In the framework of non-communicable diseases control, communication campaigns for behavioral change such as maintaining right weight and regular control of blood glucose in people above 45 years, particularly in urban dwellers are needed to slow down, and even reverse this trend. The results of our study will equally serve as baseline data for periodic monitoring of the prevalence of DM in Benin.
